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UIAs. However, the relative importance of risk factors can be different according to the location of the UIA. To determine the most appropriate treatment for UIAs, a better understanding of the risk factors and underlying pathophysiology of aneurysm occurrence is needed. The objectives of this study were to describe incidental UIAs on MRAs of healthy subjects at the Health Screening and Promotion Center and to identify specific risk factors for the presence of aneurysm at different locations.
Methods

Patient Population
All the subjects who underwent routine health examinations between September 2004 and May 2014 at the Health Screening and Promotion Center of Asan Medical Center were screened. The health Screening and Promotion Center was not advertised, and the patients who visit the center were self-selected. Patients were consecutively enrolled if they had undergone MRA of the cerebral vessels (the health examination group). The presence of UIAs was determined from the MRAs, and UIAs >3 mm were considered true aneurysms. Subjects with UIAs <3 mm were excluded from both groups ( Table I in the online-only Data Supplement). Subjects who had fusiform, mycotic, or traumatic aneurysms or UIAs who has been surgically or endovascularly treated before the first MRA were also excluded.
Clinical data were obtained through a review of the patient medical records and checklists and included demographic information, such as age and sex. We also recorded putative risk factors for aneurysm, including any personal history of hypertension, diabetes mellitus, coronary artery disease (CAD), past or current smoking, and alcohol consumption. Hypertension was defined as receiving antihypertensive medication or blood pressure >140/90 mm Hg on repeated measurement at Health screening and Promotion Center. Diabetes mellitus was also defined as taking diabetes mellitus medication or fasting blood glucose >126 mg/dL or 2-hour plasma glucose >200 mg/dL. Smoking and consumption of alcohol were obtained from the self-reported checklist. Personal history of CAD was defined as a diagnosis of CAD by a cardiologist and receiving medicine or with a history of percutaneous coronary intervention or bypass surgery.
To validate the distribution of UIAs in the health examination group, patients who visited the outpatient clinic of our Department of Neurology because of headache and underwent MRA were enrolled as a separate group (the outpatient group) that was then compared with the health examination group.
Imaging Analysis
Aneurysm diagnoses were based on MRA. Time of flight MRA was performed with 1.5-T (Siemens Avanto, Siemens Medical Solutions, Malvern, PA) and 3.0-T MR imagers (Philips Achieva; Philips Medical Systems, Andover, MA). The MR parameters for Time of flight MRA were as follows: echo time, 7 ms; repetition time, 25 ms; flip angle, 20°; 1 excitation; field of view, 160 or 200 mm; matrix size, 256×512; voxel size, ≈0.9×0.9×1.0 mm; and slab number, 4. In total, 36 images providing 12 stereoscopic images in 3 orthogonal directions were examined.
The size of the aneurysm was measured from the three-dimensional-reconstructed image. The length of aneurysm was measured from 3 points, that is, (1) neck width, which was defined as a virtual line separating the aneurysm from the parental artery; (2) the maximum height from the neck to the dome tip; and (3) the maximum width of the dome perpendicular to its height. Aneurysm size was defined as the largest of these measurements.
The location of aneurysms was classified as distal internal carotid artery (dICA), middle cerebral artery trunk (MCA), MCA bifurcation, anterior cerebral artery, anterior communicating artery (Acom), posterior communicating artery, or posterior circulation artery (including vertebral artery, basilar artery, posterior cerebral artery, and anterior and posterior inferior cerebellar arteries). In patients with multiple aneurysms, a single-index aneurysm with the largest size was selected. All MRA interpretations were performed by 2 neurologists (H.G.K. and M.-J.K.), independently. If there was a discrepancy between the original report and the reader's interpretation or if the presence of an aneurysm was equivocal, another neurologist (B.J.K.) reviewed the records to reach a consensus.
Statistical Analysis
The prevalence of UIAs among patients who underwent MRA from the health examination group was calculated. Demographics and clinical data were compared between patients with and without UIAs. The Pearson χ 2 test and Student t test were used for categorical variables and continuous variables, respectively. To avoid variable selection caused by spurious correlations, only variables showing a potential association with aneurysms (P<0.2) in the univariate analysis were included as potential factors associated with UIAs in the multivariate logistic regression model.
Demographics and risk factors were also compared between patients with an aneurysm at a specific location and control subjects without an aneurysm. For comparisons, we performed ANOVA and then a χ 2 or Fisher exact test, as appropriate, with Bonferroni correction. Multinomial logistic regression was performed to estimate the adjusted odds ratios (ORs) of each variable at each location. UIAs at a specific location were first compared with the control group and with UIAs at other locations. Aneurysm locations from the health examination group were validated against aneurysms from the outpatient group. The comparison was done by the 2×6 χ 2 test. A 2-sided P value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS 21 (IBM Corp., Armonk, NY) and SAS 9.4 (SAS Institute, Cary, NC).
Results
Patient Characteristics
During the study period, 187 166 patients received a routine health examination at the Asan Medical Center. Among them, 18 954 (10.1%) patients underwent MRA. The mean age was 57.2±8.5 years, and 7392 patients (39.0%) were women. UIAs >3 mm were observed from 367 patients (1.94%; Figure 1 ). Among them, 29 patients (7.9%) had multiple UIAs, and 3 patients had >3 aneurysms.
During the same period, 59 081 patients visited our outpatient clinic. MRA was performed on 12 702 (21.5%) patients. The mean age of these patients was 63.1±12.5 years, and 8183 (64.4%) patients were women. Aneurysms >3 mm were observed in 302 (2.38%) of these outpatients (Figure 1) , and among them, 29 patients (9.6%) were multiple aneurysms, including 5 patients with >3 aneurysms.
The prevalence of UIAs was significantly higher in patients from the outpatient clinic (P=0.007). 
Factors Associated With the Presence of Aneurysm
Among subjects who received a health examination, patients with aneurysm were older on average (57.2±8.5 versus 55.8±9.0; P=0.005), and the proportion of females was higher (50.7% versus 38.8%; P<0.001) compared with those without aneurysms. The prevalence of hypertension was also higher (40.9% versus 32.1%; P<0.001) among the aneurysm patients. On the other hand, the prevalence of CAD was lower in patients with aneurysms (10.1% versus 24.2%; P<0.001; Table 1 ). The age, sex, hypertension, smoking, alcohol, and history of CAD variables identified by univariate analysis were entered into a multivariate logistic regression model that demonstrated that age, female sex, hypertension, smoking, and CAD were independently associated with aneurysms (Table 2) . Notably, the presence of CAD was found in this analysis to be protective against the presence of UIAs.
Distribution of Aneurysm Location
UIAs were located at various sites around the Willis' circle. The most common site was the distal ICA (n=166; 45.2%), followed by the MCA bifurcation (n=49; 13.4%) and the Acom (n=49; 13.4%). Posterior communicating artery aneurysms were observed in 38 patients (10.4%), whereas MCA and anterior cerebral artery aneurysms were observed in 24 patients (6.5%) and 21 patients (5.7%), respectively. Posterior circulation aneurysms were observed in 20 patients (5.4%).
The UIA distribution was not significantly different in the outpatient group (Table II in 
Risk Factors for UIA Formation by Location
The risk factors for UIAs varied at specific locations ( By multinomial logistic regression comparative analysis comparing UIAs at a specific location with control, the independent risk factors for each UIA location were found to be different (Table 4) . Female sex, hypertension, and CAD were independently associated with dICA, MCA bifurcation, and posterior communicating artery. MCA aneurysms were 
Discussion
The prevalence of UIAs was 1.94% in the health examination group and 2.38% in the outpatient group. However, the incidence of UIAs in accordance with age and sex did not differ between these 2 study groups (Figure 2) . The prevalence and distribution of UIAs were similar between the 2 groups and were also compatible with previous reports. [2] [3] [4] [5] Old age, hypertension, and smoking were associated with UIAs. Interestingly, the presence of CAD was found to be protective against UIAs. UIA prevalence increased sharply after their 50s and was significantly higher in the female patients. The risk factors associated with UIAs also varied by their location.
Hypertension, which is associated with hemodynamic stress, was associated with aneurysms at most of the sites. In fact, we found from our present analysis that hypertension was the only factor associated with aneurysms in the posterior circulation. On the other hand, sidewall (MCA and anterior cerebral artery) aneurysms were not associated with hypertension, but sidewall aneurysms of MCA were associated with smoking. Smoking induces an inflammatory response and proinflammatory phenotypic modulation of vascular smooth muscle cells, increases degradation of the extracellular matrix, and affects subsequent aneurysm formation. 9, 10 Female sex is also a well-known risk factor of UIAs, especially after menopause, which is consistent with our current results. This phenomenon can be explained by decreased estrogen, which enhances inflammatory reactions.
11 UIAs located at the dICA, MCA bifurcation, and Acom might be at least partially associated with such mechanisms.
UIAs share risk factors with atherosclerosis development, 12 and in some cases, atherosclerosis is associated with the occurrence of UIAs, especially in the abdominal aorta. 13 However, intracranial aneurysms seem to be different from those of the abdominal aorta. Recently, intracranial aneurysms of the anterior circulation were found to be associated with aneurysms of the ascending aorta. Furthermore, ICA aneurysms, which are prone for atherosclerosis, were found to be associated with infrarenal aorta aneurysms.
14 Interestingly, in our present analyses, the prevalence of CAD was lower in the patients with UIAs, and especially, patients with anterior circulation UIA were associated with a lower incidence of CAD. Our results are thus consistent with the findings of a previous study showing that anterior circulation UIAs are less frequently associated with atherosclerosis compared with other locations.
It is still unclear why vascular beds respond differently to similar risk factors. Previously, low cholesterol level was associated with intracerebral hemorrhage or subarachnoid hemorrhage, 15 and the presence of hyperlipidemia showed a trend being protective for the rupture or cerebral aneurysm. 16 However, still data showing the association between the presence of UIA and cholesterol level are lacking, and there was no difference between the levels of cholesterol in our data after adjusting for other variables. UIAs are mainly associated with the degeneration of the tunica media and elastic lamina, which are the middle layers of the vessel wall. 17, 18 On the other hand, atherosclerosis is a disease of the endothelium that leads to lipid accumulation and growth of an atherosclerotic plaque inside the vessel. 19 The individual vasculature responses to a similar risk factor might vary. Further studies comparing these 2 distinct vessel processes might help to reveal the exact reasons for these differences.
Although intra-arterial digital subtraction angiography remains the gold standard for aneurysm delineation, many reports have described MRA as having equivalent efficacy to digital subtraction angiography for the detection of most UIAs. [20] [21] [22] The sensitivity of 1.5-T MRA for detection of intracranial aneurysms is between 79% and 97%. 21, 23, 24 Three-T MRA is becoming more widely available and has been shown to be superior to 1.5-T MRA in the detection of intracranial aneurysms. 25 This might increase the detection sensitivity of small aneurysms and the accuracy of size determination. In our present study, we excluded UIAs >3 mm because of the sensitivity limits of 1.5-T MRA. However, our findings indicate that MRA is an effective tool for cerebral aneurysm detection.
The strengths of our study include the large number of patients and aneurysms, rigorous measurement of size by the neurologist, ensuring representativeness through the comparison between the nature of the other 2 different groups, and the use of multivariate logistic regression models. However, there are some noteworthy limitations. First, our analyses were retrospective, and it must be considered that a selection bias may have been introduced. As smokers and heavy alcohol drinkers more likely refuse routine health examination, this can have lowered the prevalence of UIAs. However, we attempted to consecutively include all patients who underwent MRA during the study period from both the Department of Health Screening and Promotion and from the outpatient clinic at our hospital. We also compared UIA features from these 2 groups for external validation of health examination data. It is notable in this regard that the UIA distributions were similar in both groups.
Conclusions
Hemodynamic and degenerative factors both affect the occurrence of cerebral aneurysm, and the factors affecting the presence of UIAs differ by location. CAD demonstrates a protective effect against the occurrence of UIAs. This result may reflect the fact that although the risk factors are shared, vascular degeneration caused by different responses may lead to either a presence of aneurysm or atherosclerosis. Values are the number of patients (%) or mean (SD). P values represent the results of ANOVA. ACA indicates anterior cerebral artery; Acom, anterior communicating artery; CAD, coronary artery disease; dICA, distal internal carotid artery; MCA, middle cerebral artery; OR, odds ratio; and Pcom, posterior communicating artery. *Represents factors with significant differences when comparing aneurysms at a specific location to the control after Bonferroni correction. 
